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7U77' ~ - A~t

onn oe wFz6z- t- '4c -i1~.-o nx'tdyý1h x

actloadnjgtate thedoe actcivenge r Is & potendtia o -poeweru to-thod for -4

osafbtinting bofathean& sgna reepio fro miot nen na systszw. Dy r-t

aciv ntwr Is- requ-ire- d to-pes nt -to tle ntn

pedince f te-weeishaj%,b iteo ad feqjeny oftaiv op]Leor=to at~x. whc

-tendel fnequteny =nug enc achieVing the broadband resonance effect..S

In-the- conventicnal sense, Indaictoin and/or capacitors are natehed to the

Untonna. to provide single frequency resonance. MkewizeF in the, activt--7

antenna syiten, toý achieve the, resonance characteristic, 4ssirs4 the

networks and. then presente to the antenna. The rsesut of wuc& maipz-

lations. Is the obtainment of high Q1, Yet broaned.~ , reSPcpio systos Ag
[ where the cao== anitema size vomius nvolenqtI reastibns~ls do nbt apply. -

YE.ocicp atMIýO usi ng, -loading to caurse antenna reaatan~e ates lzik to

the turn of the century, 'whe it mwa cnon ~pztotce to use induatons and

caPcItMUM to tune Or detuzw antenlna structures. h-o mo s i

antenneos Using passive networks, basedal nnmfous atohing9crIZterias,

hus been treated nxtn-.aiay- by n-izm authors f[W. I. wA 2)&



ZII§ZDade- & =~- -r- -_C40

conjugbatex Mtchint fr1n M e aenbytýtýe

ncwtwoxs have receiveed only Minitms attention. Zan~y iiotk in this hbild

was done, byW. * MI 3Ll [xe6 53 !]an& Banne [Ret4J Recently, Hcl~abonI

[Ref. 5J hfas attez~tci to use active conjugate- impedance matching met-hods

in order to obtain bz-oadbaid control of -tadan cross sections. -Witb ret-

gardl to antenna systera, only two ptlished works have apwazmi. v2ie

first, -by Mittri- [Ref. 6), Is extemely restrictive in 7b#ue. h second,4_=

an inesigation of one0 Wssible- broadband EtngnMasyt", 'was reported In ý

Hance, out of necessity 4miet&1 hadkM to pre' rows for Par

POan of this repo t, k -n t) wo ze wte itnesi cIrcuit dnvslop1et and.

ntebing to tla-aSeloct4 sn-tsima form.

Chapter two wesonts the theory atbof dad no ojtt aci*

~ayter three deial with the ereirota htods, used. In tesin the r-m

silted devices anud-systems. Chapter four Mezthdvi CMtUL

fln roedue -and. the expriýta nslsotiew e catrLv

presents the conamoixawis =

-i

am



IL. BROIIAN2£'T-BNA GOONSUGA-h IPLMflnaz N&TMIL THSORYI

The following sectionns pztent the theory behind the concept of theI[ ~ brbadlban& resonant antenna, Small antenna. t~heory ise brilefly revilewed#

and then extended to allow for troadband resonance by Thnnigthe

concept off the negative reactance elexent. Means of achieving such nag-

K. ative elenente are formuated, and then the overall rr-ult Is appplied to

the development of antenna watching schemes that yield the desired

[ broadband resonance phenomenon.

A., $RAIL AHTZNUa THEMY

diunsiains are much smaler than the nvlnt o neesSc a =
- Forpirpses f defnitin, t e abo th an fn is defined Sucnehos

short receiving antenna ensa-be modeled by a Therenin generator having a

and an internial watenna. impedance S.7 as shown In Figre :1.

IR

ZAM

em. Mta Th nda a-=_

Z is gsenflI3y couper and composed of a nesistanuce o=p==eAnt

aid a resactive cmonf

cJyn a. short &Aten of le4th I, and radios a, where- L Is tmli

lees thban (4fl- the Inwt reatance, Of tLhe antmenn sructure is capoitivo,-

antI given by thaa F o~to
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If, additIon, capacitve top loading is employed to increase

the effective height of the antenna and Vrvide an essentially uniform

cnrrent distribution, a second calacitance, top loading capacitance, at$
muS be accouIted fo in Such top calacitance iS effectively added-

in purallel with the strucature, capacitance Cs. For compatationai par-

Poses, Ot is a linear function of the diameter of the geomstrio f&n alx-

ployed. and is shown by the curves of flgmzre- Z'[Ref. 81,

100 -

dik
-c_-

+p 0 6

_•_ . l•,.m•:.z:in: inches

St'4. 2. Top-ioading of Various Geometric For --
vs Their Dialeter j

us- antenna resistance is comnposed of two parts, the fist of-

whit-ý is;-termed -thb radtiatin resistance, Hr. U7te radiiatton resistance '

for a iihort antenna with an eaetafuniform currint ditAb4o canjI

be ohma to be apoittytwice tbat, of a structue baring linear

curren dis'tribution, and. Is given byI

Mumn cansidabell orer a i*a'cat grouun plane, this redistive component, is

apai doXnbid -AM tihus sqdyivleat to

A 12600 (/

S_ + • +_•_•8



A second. resistance,, Rp- the ohmic lose- renistancie, Is also

present, 'tnt since It is usually sich less trhan the radiation resistance,$

It. is neglected in future considera-tions.

Returning to Figure I, we may maodel the abort;, capacitively topI

V ~loaded. anteiina by either of the followinig-equivalent circuits,
0-'0--1

t~Ra

-'--a t sGo

Fig. 3a. -"Thevenin Antenna 3kuivaleiit Fi1. 3b. Horto Antenn-a B1 4~v-Zj
CS~cuitalint Circouit

5Mi
where VT and I~ represent, the respective voltage or cu,-rent impressed on

the Santenn at soze Ifrequency fi,

Considerm the resultant 2heveniln's equivalent, antenna circuit given

baboe -he conventional imwpednc matching appro~ach fmr achieVing mzi-

IMu signal3- reception is to reduce the net anterma reactance to zero by I
iatroductig a series inductance so as to obtain resonance, at the desired

freqjency, At the resonant frequency, fr the -antenna i-n-ItimdacI

ruties o k a auin. ipedance valuej, and. the current is inxi-izded.

L ttCal*wy, -bm above is presented. In the foflouingi
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rC'. h iAMEN4 R=7--
AUi xaau4Zea Z4"~1 eP a nevativa e Iotxesb~ rruos

V S
734. 52. IdeaiSze4 H~tv anio oe

in anSf active element that& cant Mthematbica.'TIPy be 4seiat by.,

r ie

lit both ct" t.he abovet, -the as Sign i mhvtyasxd b s

1;soolatiad to the a~x , vice -a current- roerersa ornsanvfae.

A coOLination of aeries cawci-tors, one -pqitj.s~tbn ~ ~
rucuita In sa equivalent short. Ofralt, as shown L-2 the: f~fl, 46g

]U* 6 Serisexms (kapwito~r Plioezrat M!odal

tt - t em 2 +

-~ -(t d ea

atei

I j.Ot Moftto nii.witys h±-in Maflzed rorzs th.

spdvaent o



rhnig a'e oaa itors, one positive, the otiner negative, as-
shM n r.&iaut 7p .Lwaltsi In an open.

jij)-TT2
Fig.. Parafel. capacitor PglaCemenWt Woe,

St e rn A l aO 1 - 2 ,_ _ _ __ _

A Wt f=4(-

ifY

Se Wt i01 1 4 4 ~-

2t _C22
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PT

Mxe voltsa az4. OurreniL axe in phAese Z(s) iU drMli=2 *&I x(s) is mari-

ma.'Th Ize~ncevs reuenacy plot 3is 4enfe by, the fellowrin

Z3
9. I~uw afweyn tf elsn t

t Ave

"wento10 q.efltos md hf
2te an

-1kr
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AA:

mg.o. vaFxew..,-,y or emnt a-zmut-o

IT
IR

d~~ufewFeg. 10inth m. Q vse Frequancy fo'rne fl t Wlaztemen ofthac

tie ?nurwv short r, top loce& atennas wicithI. o typical d parnete tors,

IW1 trmseAn .1m- toh, anoud range from~ th YmbS alat istor to 10tha

Aotiv canyrz given frequeny f -th eneradi stoed. is ah onstant,. Vot-

r ~ ~ ~ ~ ~ ~ ~ her different is~a t& amozt areen ant frequency f ntz o o-

their power factor Is unity. These cona ens axe wfrldent frtm cu As- 3a

ering a current ±1(t) = Ip~kirt pa.s-sing thromugh the series elearUt Of

fi~~~~~~~ute~~~ ~= 8.TSvla . testepstv aa itolonte IS given

141



while that across the negative capacitor is:

Ikcosl~t(.)
"V

Mhe Tss•e, mcurrnt, and voltage relations that exist across are

identical to those of an inductor. In srticularc, when the positive I
capaitor voltage is a mvdncm, the current I-muntenegative ca-

pacitor Is zero, &ad vice versat. For an inductor, V1  WLImco-swtS while

L % equatea to equation 7 By analogy, L 11(w I 0 , hence, the

energy stored in the negative ca!acitor, , is

I'~~1 K ,1)sin~wL

r while that in the mositive capciltor is

Ix

fterefore,- the total store4 energy in the system at any moment

Isagivnnbyu

1 m-xrost nt2 - - L

for i,-C1

At the Inst-an•t of mutm .-cu=-ent, al ener, is store tin the

negatime capacitor; at the instan-t of zero ot-enti, all- the energy is

stored In the positive cajacItt. Bias., since the sum of the cosine -

41=4d, Mireiquaredl, tlamctions is always nnityr, the total storea enerav

Is & constant indepsmzsu-t of time.

15



The enrgy dissipatei peEclef,,ien' thus- from

I• the previously stated definition for Q,

7__

I, -- -~

which is the sane as w-as given In equation 5

2. Parallel flacemient.

Qonsiiiration is now given to the parallel_ cirmcnit Thrrnof f~u~

ii. Ithis is iet-alto Fi-gure 3b, uitb the exceptionm that, fm elelailaV A

of value h-, as teen place4 inn shunt, aonoss -the tezmn&-als 9

Fg. 11. Twnt PlcN Netive Capactor •

FS 41

A2

RN 1

Y!

t" I

+-1 ~ ~ _ nu- -

I -

Fig. les Shunt sevarali NegativeCapacitor* i

so t

16



4-N
y + jW

Equation 8 is of the same form as equatioa 3. Therefore, 7 foz

the par•lel circuit vari with frequency in a manenr siC-A-l,- to j-"

for Z of the series ciretit of Figure 9. The suscept+ane vs f•equenoy

t Vo
/ 4

p-- ot isgvp n °gr-1,O atiam neeti h odc -c-

/1IO BOC I
I: \ >1

.U

S-WC. -B

Fig. 12. Suace-ptanoe vs frequency for Shunted
Negative apaacitor Pat

preented by this circuit aagn twhich is now considereA, From-

equation Bt3 in given by,

2 2-
Sis i oreconveniently expressed in te)s of Using the prevoly

given definition for Qa tain b for the two branh warallol resonant

(lo)l

17



%C - -pRM-

-- ic is the~--=-=---- sam as fond for-- th eisici._hsQw-

Tus, athresoane, Qh pasraoulelo thek series.nsa inpuit rhesistanc thary

varis ashown d Finur 13. ubsiutn eyton9int ild h

r.A A

Thus, a soncteParallel tEnlpesents Pancempnt oeitac that
Maisa lte nFgr~3

4I

I his'my nt ctaly b te4we imecisianceMVsrrsqureent it ite

ofFitobmce . J..7,ve tUfhe cae,5Ursitxe-

-4 r za-ei isri=td re teaoefrua

The poldvreceding discusin of0 a they woralle ptlacemvenmoe assuexl

ofal the resistances present in tahe cbracui tolegi. h bac egc

t Panin the antenna withnon inf the neativ cam-puacior shruntbrnh

quires hight to bevdt v-alid a~dbsalngs th shigh , ScIt is e molittleb



• the use of negative capacitance elements. Our next onsidertion is to .--

the kvpwda't9 realizaio of such an element. A1

_____D__ NWAITM ____ MEW C-W Z THE

The means by which the negative ca i ctafce dicussed in thcero i s

section is to be obtained is by the use of Negative Imped-nce Converters

(VIO). Since Linvill published& hIL original iaper on active filter syn-

theis in 1953, and introduced the first practical transistorized ,

theconep cdactveconverter oz iuits, has become accep~ted. fwg

the actual credit for the concept of negative impedance converters is

generally credited -to M~arius Iatonr for his work on -negative regeera-

tivesyastems, little actual use for the device or theory Ins- nads Wt il

the field of active filters became established.

The uctionaal aspects of Niics are today well documerted for the

IdW Alied Rorm; hence,, the f ollowing discussion semen only to provide

C an introductory medium for later discussion.

1. enerl 1*10 Theory

A negative impeda ce converter in by dfoinition a two p

device vith tl* property that any imittance shunted across one ter0inal

pair will appear as the negative of that immitvasnes at the other Port.

It is, by analoc, a form of an ideal transformer; it has a ratio of a

inpedance transformtion of -XvI and functions in a bilateral manner

[Ref.9.

A cconcise definition of tbis properties of an RIO ny be arrived

-S:

• at 17 conside.at~on of- the teai voltae ancrrents of a two p=t. a

Pw cnveiene., he wo ~t I decried b It bywid araetes a
19 A?

shwi in ~gur 114



"--OP MIN -_=----~s

_OR 
-

=+ ..

7++ he conventlonal paramter designtion a•ly and are related byj

~A

._ 2 N9

3ý b+l + h2±11-2

hi2Y" 4 'E a ' .

L, + - -,

If in the above figure a load impedance -Z1 is placet&across -pot

2, Zin may be expressed ass

wher thA product h~ais nor=Ufy denoted by K and. referr&1 to as the.

d evicsonea4a:rtioo :27dalnl,,tedeis rnmso.ga.

-4 t 3I leads to the t tite of ulownity or of eqaions

beitwilb ssuieds intiJAto htalreeee* o&' a

-12-
b2 

o

____ hY ___ __ ____



A 1110 that inverts current, 11410, does so Wt~hout effecting I
the polarity of the input and outplt valtages. By definition, if the 4
two port NIQ device sonehow inverts ona port c-rrent with respect to

the normal current flow in a n-sive network, the PIC is of an 114IC0

type. With a load 7, on port 2 if F-i-re 14, the inversion of one

port current results in 1, producing a current flow in au oppoýsite

direction such as to oppose the applied voltage, Ths -nput impedance

given by

(Ija)
•.•.•-="The reaultant InG• is representable ao hmw in YIW-re 15%,

V- . V2 i 2-

Fig. 15a. -H Farameter Representation of IN40

ThnU voltage is inverted, ths direction of current flow through

tU NI1 remaim unchanged, and the device is referred to as a vdltafe

4nerter or MI1. For the Mea. 1kn
formv this is expressible lys

AM

I 'Vwca) (11b)
b~ hj2 i 0,



'The resultant VIO nodal is given below,

• 2 Crc it (Thiya~lt o-_ _ _ I

Though the theory of ?NCCN is well established, synthesis po

r• cedures that allow for a concise developmental process for obtann

- c~irci realizable forms have received minimai attention, Of the several

yer, almost all can be showa t•o ances to the modelings of the ideal I )F 15re.Petentatons hown in Figures 6 ean ±o.

r -A

SI- I -

Thug th tho-vo •~ swl ebihd.snhsspojepresentatin shown6 InFgre 6an 7

+]

Pig. 167a Fig. 16b,

I2®



Concerntng the above, the -'cdels. - the left axe most easily

realized by the saynthesis of a netwoek to obtain the desir•ed matrix fot,

while those on the right are const 'rnmed by ap- ti the desiz-od

current or voltage generators,

IE. GERMAR COITnUCTION

*NI0 cl-rcults bui- on generator construution !•iciges are in-

herntly less complex thaan those ba-sr on matrix methods for the reason

bhat it is easier to construct a depesdant geneator than to controlI o pt matrix paraetern1  Two snch generator models are now prtaented.

A particularly simple I*1 circuit is given in Figure 18.

Fi .4 -- 0nerat Fig* 19. Modified Ideal-enerat-or

VNCModel VRIC Model

For the above, V2  V?

-

flis modified aSg~3,.o ~uv 9yjl-U eut b-1

bein sombateasir 4_O r a ,ie1 sg fa~lirsae sAls



rn-i

V ,

V Pi~g. P.O. Modif ied mINI Coniink

J This config~mtion readily elard Itself to realization by use of high A
gains differentialj, ojoratjrxfl anv)Miers as shown in Figure 21.

I;NO I - 4I
a ~ ~R Ki4,V

n.a. n=a Realization

zb lan the above, the openti~onal r-:~plifiets ax- leaa iA e1 d cas infinite inxt,

zero output resistance, isfinits gain stages. -

Th&Ides~lzed. o'oetlonal snpliýezr is, of coursea, mot avmailable.

It can be shown that .)s either fiieinput na7A aaptsage resistances.

-develop.. or as a pase shift ar-i-ses mwith resect to the l~at A-a otpmt

voltages, the converter actionx deteriorates -to an unusable' paint Yet,

at, low frejuenies, the above cirrcuit Is mmst practical -hen neither of

the VrIaar input-outint terainalls mast be plat-ed at grauml potentiml. :
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Fi.2.. Idealized Genratbrn of1 DUGel

ier 4 s a vital od atel renresenatt oft tiwei&~Aan

slceth ajiifIwd ew o alize 'eliaIo ofs I husI atefi -ýh

r - there is a virtuWl shortatiom the inabermi als, t hhe Seal arj'les -tatm

-k paVra-a Th worsitsthshaeeqa olaese

aodt rqions for Ve opertion. befane asa 500M the ralm circuti !Laquit-

Lattractive,

3, enra GeneraItor- __ Ivalent CAir-atui

Alast comment is apouit athis 01nt Tegne 7Ato

equivaaent 2110 cirAcuits are not. true two port Malt only agpproib.tiofla,

since they do not. satsify the statted matrix reaquirewata;, nweverthlews,[ they axe extremely useful when worldng With one port. appli1cations.

F. M&=~f FORMULAT~ION

Ina the const-ruct~on of the 1110% used 1in this, =--mref,2 two synthesisM

-rceuw were followed when, rptssbls. lbs first rocedurs in a~

cm the principle that )nw.,ding_ the li4mitations -underm f aith a nn~sdea -1Im~ 109 0811staso a Coastmlot a P~tIowk thab5~ we

Iti -a~*_ htm emiuae ma-r;xTM-t gts

ai



LA. -eril _483 IC -he;t d d--.o-op---.f-- -icl em-r

V-t

The- sent ' mhod casez h synaith&'¾b -fltk ti s ~- Iia d

iuittanoe mat-IT. gor the glvan-n _ntwolt' weith-in id3.h iC4Žft auilfler

stgshave boen st.

at t'n~'ng- tha above ds-cz '-ga sns conaV-erat'~ AN uh a-

r rquny Adynaalo rause ra (Lkt the zost parjv r ducead -to lon_1AealM-
ations of the actbualactinrý devicess a4Loyed.-

1. Žkbnideal EIwSnhes-is

Im a ny za-riz f onmaI alum circuit, a_ uninu of-ttwosactiro evc

are- requUITL inoder to 2ake Wossible the fe-efbacka ac~n alctsfll7M_ to4

iWtduoe negg,atIv e imer~e cconversion8  Henc3-- in lts ýsiMlsst form#t4

jroccevz_ for dsevelorlii nn~ide41 NIO ~zcvdavs to tstuy of u tp ~ndlblo e

vWa in which two active dovic-es =,y be arranged wt17t -stil Wessntln.jg.
an Ri ntrilx for the nct=wox* that can- be 8sn e.-noan.da I

"'block," it wil be show-n ina a later asecti-on thatrW-hentok

possessing an H zatrix satisfying.-onse o the entries Of %'abe -1 mv ba-

-compesmat-&. HersAe .- spmerve our! 2SV036 to f-.Wsstdnr onlay those active

de~vi",e argenats Thtp;# rl- a ne of the entries liswai In Table jlb

rt A ~~22 ti

>0 >0 > 0

<> 0 < 0

>4 03 0 0.; 4

< 53 50 0I
Lx- tIZv.-UatTWC 1 R: 7trZ 7----------



-r=- ~ ~ ~ ~ ~ I - -- _ _ROMt~~-=-

r ~-0

_4 _zk ILIrx

£ssurovten theanttvhe dnlev-icesre rciresenthabies to three

El t~~raina3. two deports, arage-s hwni Figures 22, thnn 2t3.b

1 LLa

rnatb de~ai1 trove that the dotly iratstoonnotirz as tated lest! tcb o

alisblew. widecmn flI'sare te-eam s riequired.± to prtaie th-e idesal

VI crn-Ains &fx1j

nitue. if me isms- =ve eviesftha 25a.ýýý Parfli-eri

thato~v paraflel-oie~ar-cremqfliei mi cscdecafgutin

arzmzgrnnt (C ynut P,% thazo* wartanrte relio6 to the aeries-pjn-raflei,
wr paxslle-seerims ;orms sabove+ F=~ fart-her wzakpeal, --efer to, "Radbook
of Samicoitetor Eleotroics," e9ditM by L. Thntar, NcGrai-r-HJU
wubtihehr, p.. 11428 thnvugh V-
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7me device empkyled in Figure 23 my be bbahr fii+. bt
combirations thereof. Depending on t-he ty-M of devices selected,

FIgures 2-k and. Z5 would. In so cases have. to be modified to Include

extern-al resisto-rs insertedI to prevent caertain matrix elements, from-

becoming 1iCinte,a

The Most useful of thm- realisable confijgUrations that can be -

drvdfromm tv a~bovs ax-snge0ments- gsivren inFigure c6. pae resuit-

Wal- I

ht KA jj'l YJ J

110i,--C 1e-- Ipm

Va

K" 'be K#KnKtýz lehw ar4arim awm t-=uS=o-

Cp~ex -yhi",ismFa

IAmcc fH!h



that the conductance values of resistors used for biasing, and the

parameter values of the-acýtive devices selected, nust fall within certain

restrictive - Taplel

It is of interest to note that the arangement given in Figure 26

i-! s8 itir in form to the first transistorized RIC model proposed, by

r ILin-ill LRef. Ill.
2. Nodal Admittance Synthesis -

Thejprocedure to be followed in this section is to synthesize

out of a given nodal admittance matrix the conditions required for a two

pr to act as a negative dance converterr. Again. it is assumed

that tiieare-ra mininm of two high gain amplifiers embedded vithin the T;

two port. These active components, operational amn!iflers for example,

are considered to be thr-ee ter-minal, high gain devices with one te-rminal

Saan, be exp sse as a trans foiztion off the load Impeace 7., placed a. --- -

S~~Attive_

gan"F1 27. Load, Ac+tiv To Pott

.•a +

it a tbruh d axe consans of the given network. it is •asud

A the zt•hes a i fnpu te nidal aZ mfFttane 27

DUN, of the fm n z no n lo

I



Itb has been shown by Heit aifl Cartly flizef. 12J intheirpiaper onrj

acbtt".etranspose operations, that equation 13 can be -reuritten ini

ter-ms of thei definite nodal adniittanoe matrix so-,thatI

U 4~Z 1 + A4 1 2
zin Appl+ A. Z1

In this equattion, is the cofactor of the (3.,) element of the DRAM,

UFor Zit to equal -01 , it is rvquhyed that;

1 - K A4 --convem-son ratio, (i13b)'I

U~~ Ac~~inA PasOor

t i-icewise, th ee Uolt-- transfer ratio my bexemurssed as:

V1  AfZ+L~ 1 An1 1

Itaus, for a VMI(C we would desire negative -voltage znh¶t, for f -1.

Cobningr equations 15 through% 17, gives;

=or., equivdlentLy, W1

M

10



terminal inair at -Toend, pozential. uttnr. for brevity, the gain-

stages are assumed not to be -:irectly co mnected to the inp~ut or outputI ter-minals, Hence,. there =re a mminirni of six nodes far each amplifier

stags embed-ded,, as depicrted. in Fig=-e 28. - I7

1 r4-4

Since onlyv twd lasw nswr specified,, it is to be noted that any -

additonal odeswould be coa-posze& of passire element junctiowsta

:c'4ld 'be re~moved_ by snrprees~-sia- techniques. In -addtticn., because in-

f Inite stages axre ut'flissdl the. inpxft aides of each gain stage,
nodes 1and 5, met be atLl ground patentia3l. ene, n q~

sr ana the resultbant DIAM reduces to the four-th order- f orm given

below. g1 3- i s thea cand-w-t-ancee betweeen nodes I and jand the row./ -

colrainde idm"Ioth Wpel -le rmba-i alj z. _ i
procedure toacutor a~arbitaxyý- loarl a"' anc

2i



I -g -gz

The dsign procedure frmthis on- a

Pon and secondly,-reI- in

At, 22 34t66 3 6&4556

From equation 18,-

- nv~Aia~ticon tant- *

[it uhere

&n j i2(538P 6--C%& 4 Y1d + ,2(624cg60S65182%5--

rr+

em1 2  (W5696rA + (9 96,4

To satisfy equation 18,, g, terms are arbitarlily set zeo sr. Frenaple_7F 22 9*, gO

g -k6)

32 
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- - -=-.= - --or-=w-

A12 g(g.j 6 g2 = +0

A-g-(gj&aQ2 o,
henes

i4i

g15 2 4

3 00

Scc4 '94 -13

__ 0

-g34 g0-36

3;

IFd placgthe resulA=nt cnuctmlece g- Lasrrepe tiv lyc, for elom
gr43

-Aisxw9

nant,% j eq at = -1 a -4 2 Y4-eA 16 92 ' L-t mIn 8- =I
9 9 gI

33;_

t~~~~ &~- - - -3 - - 2- -
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Riki

siqg. othe Cpircsit mIeansamation Baed on a odlatvly Mimitae matnri,

I The 1 reutant ne r-twork zs a-I,sie= it wasd required btht zeroi.
Erzing the Idaplie seqIeut n C11.I s fitrs t

Fotr tha thmiea 010l model norml Piblcishted by A. Anonio [Rf iJand d- I
ax Te selom uoThe realizantion aove it oneofzanythat vanue betrc snte-

sie rmthe staie meated conditsions Thoerties osfunsof this method isn Iz r

thats desired new cfirtioas req eomenstsaeacuted or frm heouse.

Othence terial t roun earngert that woul bce difficult tob cachievnuei

o ust othr cmesyntheisn nens, ae. thexnled off an relativetly sim ,.pl Ine
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'h.,,i" These discussions though, have been rest-rited to the use of

NICh presenting only r-eal. inuitances and are thus unsatisfactory for

high freq,'ncy WIG operation wheore complex 4-mittanoes occur. in the

.material below, consideration is given to overcoming the above failing.

Methods for providing compensatlcn that do not effect the conversion A
ratio are developed along with complex compensatIon, networks.

IA Assume for the moment that a given 111 has the matrix parameters of

equation 22. -i

Since the BIC is -. non --scitpcalactive device, in either the INI or 4
VNIC modes, the cross product hh5 •is- always greater than zero, Thhe

doterminan't A h, as well as 1 and h.2 though, nay assume either pod -_

tIve or negative immittance values. Probabilistically, it Is possible

for a nonideal NIG to present any one of eight sets off h xarae•ters at - I

a given frequency of operation. These are su=marized in Table two.

se

< 0 >0 <0 0
2 <0 <0 :>0 1•
3 <0 <0 <0

> < < 0 <0

IS >o>o 0 o 0

> 0 <0 >

< s 0



get 7 and. 8 a Impossible, comboina~tions, For set 7t

h, O0, hZ2 <0,O Ah.> 0,. given hhfl >0,l then.I ih22 (<O)- h2ha (>O) Ah>0 0

Likewise, for set. 8:

i < 0, >_,A h.> Oiven %h > •07 hen

blL(<A 2L (>o0) -A hp > -

ui22yv "1~2u

The reininag cases,± througi 6, are possiole resultant reakaations

that require compensation in order to assu-e proper KI action. These

oase are now considersd in turn. As will become evident•, it isaforEu--

-nate that NICO-can in affect be considered self-compensaing-,

LEE For the conpensated RIG tbo have hl-,= 0, hij mst be made zero,

:-A

The ulmript t is used to denote the matrix warametere- associatedwt

the overall1 compensated stn tre. Ideie foOr 0 b~ must be

Made zero. Assum that an Impedance S is placed iu the ouutrput leg, til/e

an impedance P is placed in evn; across the inpx- of the network. The

_ ovrall network is shown in Figun 30.

blip N--[3 -s-F-•. I •• r •o

L h22"•

F~g50.Comenation Network f or, H Parazater set I1

if Ute coneorsion ratio is indeea equal to one, then -3 is

reflected to the inzpt side as -Sxi, aMn P is reflacW tothe output
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F 1

side as -PAi. Thus, choosing S and P properly results in hk and h

both going to zero value, !

hoe overall Hi matrix for Figure 30 is equivalent tot

I++ - I/ + Y2e+

1+ .

eamttin " =0 anid solving yields,

-NI

Lib~ +~ FA All]

SI

in.I ••% em+ amt h~mLon .tot r, the ne :::aezi iIfc%

I' hf + st P eqat to one wher h~h qul teCo/rPo

•• "%ha•"%hm reducti- of pa •rasitic immit+tance has lx 'a achieve at ~ro h nmmm~•ntk tcn-ese • hs theom I -

Sexpense of. reucng the original cuversion ratio K to K' by a factor of -

S_ -___--21hJ 2  hi i~mplies %heither tan ratio K of th tmcom~eU-

sated network• amus be grea•ter than one by a factor (ta42 es hence•
the talues S 0 and scaled accord-ny, or (A ol)v L yield

F z: -A
-- s•--zgtedrie aue fSad noth Ht

• • • ~ ~~~ ~ ~~ ~~~~ h_ - . .. .. . . . . . . .. . . ,~ ,• • •j • . . : .



This case is the direcot dual off case 1; all sign-s ttgae pe-Uno'nt

~r~mtqnh..b1i excepted, a revex-zed, llerncev the same zlelaf

structure as used in S 'QSr 50 my be utiY~hs-d. The resultat. RI Matrix

L yields idcntical S and. P vallues as givemn in equations 23- and 24, TAT;Wise,

EL ~the reduction. in K and. the comments concerniazg the resultzant nti0o, sasly-y

as tuey ditdin istl.i

r The addition of an imapedance S in serbies at- the %npat said t'a-

shunting of P across the outyrat. should cause hil.And %h to reduce to -

zero. This I intui tive placement of comuensation elements leads to the

Farrancement. shown In Fig~ure 31,-here the Hm iatrix is given. by eqation

S i C--- hI2[ r-F-O -I

Wixg. 3-. oopensation zw~x orH %a=, 4v
-Saetj3

h& I
Setting k.h d - equal to zvero yields S -fl, a!d Pre -4/h

b~pBetivelys, with the X, nitr redutng to the fol~ow- ing

38



it iLS -o bs noted that in this cae there is no reduct4on in the conversion

31 results in K) K. In additIon, this piaaement may be used with param-

eter values from set Z, ÷-Ath thie aded benefit of a constant R ratio.

-Sets and 5 are handled in the same ranner as the previous sets

covered. For each of these sets, though, there are two possible schemes

E f- the- :lacement of the elements -5 and P, one yielding a reduced K, the

o~thwer a uinfty K,. These axe listed in Table 3.

t Ji ~~~~~The last We. to be considered is set six (i gh2 O~>1

w"iuch is ot interest solely because there are no psaslve, positive real

-iu.j ance values +. lead to coCwaation. Consier th compensation
h

sc-s~sei for set I, where S = and P . Since Ah is aveciid

to be viaItive, S and P would have to reduce to negative impedances. 0on-

aid-er the zompeimation echeme of set 3,, whem S =-hfl and P /a

Since 14,1 and h22Z ar-e now specified to be positive frit?.ýtionst a and P -

agair reduc to negative iNpedances, If Ah is assumed to eqýal zero,

then S andA P must assume Infinite values, while UP h, b~0 thereI is no nee fo- co,- ensation networn.,

INhe conclusion then i- that there is no pasi-ve, real positive

fiwction caspansanion son-ems - pssilae,

The following ta le sumflrzes the vari-os coa tion -ch4?_

considered above0  The usefunes of therestlts rests in the fact

that given any active structure that satisfies the listed h parameter M
A

speotfications, a 111 ressults by the use of the l'vfleated compensation

thod. Therefore, the problem of synthesizing the ftI reduces to that

of synlthesizing the S and P ipedance netwoksc wheither real or compiex,

required for compensation.



liii lh hiah h N.V.1 STRtUTTIi4MZ VAUM~ K AE

2b 5 0 0I -b

-= I If!' L-c
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F: .1 :a ::tM":0 collsnnxnIoxsM
TIMidel .NT;,or Its Compensated. nonid-eal. equivalent',. were modeled

in Figurx-e 16 and 1.Considexatisons of these representations leadis oneLto -the conclusion that at any fre-quency f1, the Nictý are absolutely stable.

This is apparent since, the 1fll.1ustrated models allow for no transient

states. M

Assuize flow that the Ideal KIC is loaded as shown I-- pigure 32.

L 2-;: -
Idwa

L'Ideal

F 3.32. TwTerinal Loaded Ideal Ma1

iiif we consider 2and Z, to be _manly.e impedances, the resultant sss-

tern has a network deterviniant.A given by A = (Z -nTh roots ofA

vhich are the natura-l frequen-cies of the overall31 syteme, -ame-~iso

3w for which .Z. Z., Sinces the natturral frequencies are the zeros of the

various circuit deter-minants, one approach would be to1 use tUe Ranth-

Hurirts test to ascertain- sability -- but Ulyi the circuit detent-m

neat and- thy chparacteristic polynomial3 are easily obt-ainable.

Though the above approach Is quite straight forwa-rd, it is often im-

pc-actkaeL to LIempeent, since, Jim its basic fora, a N10i inhe-rently a.

f eedbac-k ?zT!Mfer. Thus stability is best determined by conventional

feedback theory,, and ian particular,, that due to ?lyaust,

Consider egain the RIC configur~ation of Figtzre 32. Thle ImpedanceI

sets, te thu rigft of terminal pair 14-1' is ;hI1 ,bt tro the Ieft, Z

Thereultntmes tte~reE Zjg, as pointed out &kne-.r4. If Z

e'. t- equal" te th tota i-mrdances wuld be zero* an!. W" voltage



MMER-Ow"W 
-MM !-T=9ff"w

X - I -- IM III -

inncrtsa 4- an eries with tMe mtsh v-zdM c-all :for an infWnte currentj

an obvio-us-ly 4 -mvssible altuatkn-, hus, -it be-oowe svident that Z.

snaould not egqr 1 Zl or equinl-&Intly, the ratio k2;jZ ehouU r;('u eqaTl

1t 0It J4csyntem is to e Iz stable.

T he s a Le- ge9ne roal rzca for stabilit4',y can be arrived at, by looking

Vat, the lwupedanoo as aee frcom the tD Ina pair ilia x h esultant3

tRlpedance seenaet.2-21 svU -. ts A::-cure

flair 1800 Out of ph.asa f rm that. fclxming through, 7- at port. I1-4I This

.t implies that -.ee he phast a-ng~lee of 9- equals that of L, the nagni-I

tuda of 2;s w~.st be gaerthans that otf Z .1Phrased in an equivalent ~

tannerl, if the ph.ase angle cif eqti&a tlm phase angle 0IA the za.-c

pitv&efZ1 /4 i!9tble s~uity, Ihus, the deal I C- sdfe.It

~mcnaiom~lr tabe p4oV ?L&Aj -Vra+4 thr -mecnitude of LZ isles tFhan

unmity at any f'requsroy thcere tic angle of -this ratto is zero.

fvs a~llow 2i It th a i houd mks no ditfere-uct if we inter- 5b

thaw~ the Dwoitions of a-AZ,-h-$cultint.b r~ s-bs

Uteo- roei cA--v-ui of oan Ideal RIC pbxs termi1natIons ip otable, so

an~s.la prcticey ac frtid stabl to u-nstalblehaeInti

This ca. be or" Mlnpe by rvecalling the fact that a. 71E mst emnloy

positive Teedfbad t'ý aaitieye the require-d R matrix, aid thlat unde~r cer-

toam teratiatZ4atng -cczAItiens, th. system may satbisfy the requirseeets to

isr4t peaAn a aprnae shift. cacllator.

it R otisR-3 MeQS by q Broun'lje [Wef 15j, that a -two port ne-twok

that tznctisna as a INYC at 31a- fra-quencien i-nevitablyv has anuntable
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mode of operation ihen one teorinal pair of the device is open-circuited,

is intrislcay more attr-ative, since it involves a tln&aq-ental liita-

tion on the behaviour vf the active dvice, a more direct approach my be I
given.

Assume an Ideal NIC th the zatrx of equation Ii. However closely

the mn u red h paran-etexs of the acrtu device ray awpproach the cond.- A

etion esvsea by this aswsptiomz they I, In reality, depart from

the ideal wse in an a-ppzro-Iate zairer [Ref. 16].

Consider some- amunt of tine delay 'T for transmission across the

device,. ff -T), 'then in the frequency domain f(p)->e-peF(p).

Consier4.-rhe -I -to be todef In-- b the relations

If -T is -xcseeingly s~fi the 1t10 All closely approxyic te the be-

haviour of the ideal reuresentation. Assume tern"-"ting in-pdanc•s s Z
S

and .,,• laccd as shown In Figure 32. Th.en, the zeros Of A are those
-' - h

1Da (cowr - Jsinve~). (929)

PsWhen this ratio off terminating impedances is positive real, Is givenI

W~ w P-ZIT n/,t, n - 07 ±i jt2. . Solving for p by taking the logarithm

ofbIothlsides of equation 2P', It isclear that ifS ZII2>Zi h agxtm

is. zeal and negative, and the snos off + 'w are ani In the left hand

plawe if > ,> the logarithm La real and positIve, and ali the zerros

are in the ri4gh~t hand plane. Hence, If a 1110 is defi-ned Wy equation 28A

andi is terminated at ports 1-' andi 2-2' with impedances L~ and L -
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aspeOctivelyt the remslting systm is stabi• e or unstable accordiu to

whether Z is great-r or less th Z.

I. A-NrSNNA. NMrmIn USIN NC s

Raving co-siderea the -eallizablfilty of the neg•tiva capacitnce eie- I _

mont,, our attention is now redirected -to the initially posed antenna

iMatching probllen,

If the for_= of thM6 antenna 1-Pedanuce Z(a)sl pr=Ior 1caoMwiege it
i is possible to synthesize from it the equivaleat Pntenna X(s) fVntion

and repreet it in terms of lImpad, realizable eeire-ts.

Mhe functio- Xfs) which we wish t& synthihize has its representa- A.
r tion- as a quotient of polyn-oals of -al• coefficients and hms been ex--

tensively st -fed a-I raported on, especially with regard to active R3

filter ap'lications. 7he irima-ý.y VC drivin g point synthesis procdurI:of importance in due ran-aziwaa [Re. Vz Tougth war concern is direct
ly with PC xepresenable antenna forms, 11 is wort•h•y off note that syn-

thesis proedures also exist for the ( (Sipress) [Ref. 183 and BL_

(Bobrer) [Bef. 19] -lumpad element netwqorkt All of the abocve methods

-H and& procedural foorms are well do=-cmeted and hence wl''l not be reviewed

here. Fo svecific details, the reader is referred to the cited references.

Assume that the antenna impedance charateri-stics are known, a

Then, the procedure is to extract the rea v portIc of the impedance

and represent it In polyn!omial form. Then, one of the above driving

point synthesis procedures is employed to reduce the reactive chr-acte- -_

Istac to a ealiable 1  element con-fiu-rtion, Ia its simp4est form

this redu-ces tol, for instance, saying Ithat a short top-dna$ieA azlte-nra ia I

reresentable Lw a resistance R and ca-ncltor C', aid hence, th synthesis AN

A



R- RL I ' o ---- -M newok ass__, nFg e3b

Z

ro
AA

Fig of a teractie=- antennacoe t Fig, a3b aa Itorof dalue 0ne * Foris

AswxmA
if thstnieuav-- f--eig-Wprino tp

Ra.a

2~o fls.et of eatworknjw.

i Iedncsernie asm the ladtof athr. onettezr cwauit bee ablfued

to irea ri e the, inegativ e o f the , eacts yrion ofthe 'A nt:a tdncec
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For a fiy- site, envi~zznt Inelvande-n-t loction the above- con- )

4Ug•te- Iit-tance synthesis matcin use&= is practical# altigh the •

t• he an-tenna inrmers aro var~bae, hece th synthesi~zed notwok WOJ

l

For aneedn ofid site, evir et neenetloain h boecn

_ 
A

assme c rondbions cayn be. Tef ieetprbe so ors 5 ta

=~~~~ Iiprbecabeefectively eliminated if the sYnt~hesized

antenn network is replaced by a secon antenna with termin-al character-

istics essentially Identical to the antenn Ut ei ithab ve ediae.
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it is again assu--d t.hat, the antenna-s uti ized are electricaiy

gshot, Zi-y capac•itve top loaded prbea, Hence, the sumation of the

antenna resistance factors results in an extremely smll total resistive

component, and tre impeance converter is effectively reflecting only a

lu"-mv capacitive reattancs: i.e. the imaginary portion of the antenna

impdance. In fact, the resistive component of such small antennaes is

ap~ppri ,teiy two orders of magnitude less than the reactive portion up a
-to a reouency -of roughly dreds f Me ers. {evertheless, if me-

flecteed negative resistance presents any major pioblem, it can be elim-

biated by plazemant of series or shunt resistances.I -flacing the second anaenuna as the load of an ideal 1I0, leads to

the rerss mtcng scheme of 4gure 36a andl ctdrigution

of Fg-e3b

Zant2 -Rant 1-jXant 1

•• I •-_ " /717 A _i

-=__>
Lzat A at 1  Ztnt 1=Ran.-

Png. 36a. series Conjuagate Antenna Fig. 34ýb. Parallel Conjugzate-

Matching Scheme Antenna Matching Scheme

47J
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NN~g • Experimental method•-s -used. were broker. Into two catagorles ; those

related to the testing of intividual! converter circuits, and. those re-

U lated to the testing of the overafl miriniatuare a-ntenn=a system. In each
case, conention testing methods-iroved unsatisfactory ara4 had to be

modi4fied as discussed below.

j wo distinctly different parameter measurement schemes had to be de-
Svelope for testing the various type of converter circuits. The first

method applied to the testing of the ideal generator model realization,

the second to the matrix models constructed.,

1. Ideal Generator Testing Procedures

This class of converter was tested in a relatively simple,
straight forward method. For the circuit configuration of Figure 21, it

wnas only necessary to assure that the output voltage was equal to 21-V
over the frequency range of inteurest. Becawse high input, low output re-

sistance operational amplifiers were used in the actual circults, the h a

input-mutput impedance requirements were apoximately satisfied.-

2. Matrix Modlel Testing Procedure

BIC circuits based on a matrix realization have been shown to

nave one open-c-ircut stable (oS) port, and one short-circuit stable

(SS) part. As a result of this p•nomenon, it is characteristic for

an 11C to be stable if the Impedance loading of the OCS port is large

and that of the S( port is sma Sil, It was impossible to acoommo-t

date the loading re-uirments of the two diffe.ret orientations Within

t 48



one test setup, it was necessary to employ several different measurement

schemes in order to measure the inrametexrs off interest.

For a fi•st order approiaticn, the ind1tdual circuits were

z-ABdIeS and run on a conzrIter using the Eectronic Cizruit Miasis Fro-

gra- [Ref. at]. Though this method was onlay as accurate as the active A

device representations, it did allow for the determin n of an accurate li

low frequency H matrix, Based on these results, the conv ers were corn- I

peusated to 'ithin an order of the correct magnitude, and then the net

result reprogrammed for a second run to assure that the intended effeet U

I• was obtained.

The next procedural step was to assure that the hO possessed a

unity conversion ratio. The conversion ratio hnha of the 141•C wras iea-

mired by means of the test arrangement shown in Figure 37.

SDetector 1

I Fig. 37, Tet $etur. for Yeasurlng the INIO Conversion Ratio '1

For ths figure, the iarldance, to therighrt of point I is given by: A

ht ZZnb- N I
tile that to the right of point 2 i•: -

- +

SiUcO an converter cir-cuits used. in thin test configuratio had b,

IV: gk 0.equaion30 educs t Z z' h1 2 1I Z1 . For thle 'rjatis1 x

4&9



adjustment, Z uas set equal to Z and the VIC ci-ruit values were varledAl

until a voltage null a�eared, at point 2. When such a null ocoux-red.,

2 21•K circuit under test==1

-• - and the actual conversion ratio was thus obseivable. I
SFigure 38 shows the measurement setup used to duplicate the block I

diagram arrangemeent of Figure 3?. A GR 1606 impe-ance Bridge, which A

presents a sufficiently high impedance to the load to prevent oscillation,-

was used for the impedance Z I The oscilloscope was empaoyed to mo4ior

for signal distortion and possible circuit oscillations, but wav removed

during the actual measurem-en tests.

S•~22 I -S-U FIg y

_J7 __ AN

If Z I•j ~Signal • .606
•}" Sig c BF Impedance I

Fig. 38. Yoltmeter Nuall Detector Ar-rangement for measurement of

In order to measure the actual inpat impedan-ce presented by the

lo Gad converter circuit, a low impedance (50 ohms) measurement arrange-

-ent using ýa H.P. Vector Voltmeter was utilized -in the configuration of

S39 , 39

50
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FA

I Power SIjplltterr i Pi -)

¶ luLoado

WVV_________ V3  (Eiýfr) L e

Fig. 39. Vector Volimeter Test Circuit for Measuring Converter

Inpat impedance

-The Yecr Voltmeter comares the incident voltage, W1, at the 50 ohms

load with the volt8ge ES + Er at the IC; the quantityv actually measured
is thus 1 + , which was easily converted to valves of Z b. use of -Ith

Charts. The system was first ealibrated using a short circuit load in

order to comensate for dif-fering line lengths ancl other sources of un-

desired phase shift.

Knovin3g the conversion ratio and the convferted in-uit impedance

for a given load, it was then possible to optliaize the converter by trial

and error so as to insure the desired performance characteristics.

The basic means of testing the various active broadband conjugate

ant-ena systems was It ompare it; perfore•e• • against a reference re-

ceiving antenna, in this case a 12 foot,s 'mtaned Tricor whip. Te bai

"2 antenna structure used with the active networkm Y4s a two inch in length,

* inch in width rod that had a one inch in diameter by one inch in length

clindrical, solid, rod mounted atop.



To compare t-eir respectave perfor•mnce, the configuratlon of

Figr~e 40 was employed.

121 flocor WhiP

-Cable Cable

•(i& 2i I

fig. 4o. Nethod Used for obta'sing Comparison Reception rata

.ending o- the frequency of interestg either a PRM-IA, or a M-

10iA R•do Test Set was us c to obtain co-mpai or si _nal level measure-

Vwt I _12 each of the. two antenna systems. The active networ contained

Jam Figure 40 was --onstnucted from the timory of chapter thrmee and had

weiher tue synthesize passive element feedback netwot, o-r a second

ftobing antenna 1?tCiuded as an, Integrated. element. The Tektronix 422

"(se-oilocope ?m5 used to monitor for activ- network instabfities and

vws rsewyed dining ai~tual steati. Lastly, anl tobts, on the autenna eye-

teas mee conducted at the antenna roof facilities of tUs Naval Postsndn~at

school,

AR

mmm+ --L+
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I Al

SMIsin•mJ~ n••o JaIIS ise 10~ua •n

WE.. Bas~ed on the theory lievenoted in chapter two, thre basic anctive•

wrtnn a -tr werl•,•e desiged andtsted, 1u, tnh .secions below the

rAN

satsed o pteteoy pewnte ie chate t, tr as ctive onan

aten yanth wre designloedd tet ed•ht T • , In th sdeationse below, th

dsignlated r rents anotisfying ten anediscussed e n

1= the Method byU theifheach looepo.bana ojgtenthd nen

tesystem is preented alongwt the ts data obtained,

B1ased o theprt, thd7 developda in t chaptretwoa ideMalienenerto

RI

ysdinThe feedbackl lhoop. lde2 ascntaoe sigcwe-~i

SeO4OIZe ordbne discussesthssmlatedw na Ontennatmodel, amuction- twomth

antennau fedac daerivatison, whie section threepratonide an analysis of2

therostns wiCVt respet to Thbe- dat obltaiedata.crut c

I. delied toenp-ere natre2 Vis Taboel wIth Figurae W1, onn eebc

Thec-wei ehO, int~ a -- xaemntrced, using ha cothe iaf

M4a1 iabe4ebn ifeeaa. l t operational maflftfruta. sdn. h- is es

Cbn nohmiforato of Fig-jes 41, 20t M. reSesoe ta h

-:33



Bur-roun _k3OA Oper-ational Mrslfier Cha-racteristics

Rated cutpat±IO

Unity gain By 100 ?Wz

Open -loop gzin go043

'0ni0~SaA 0 ohms$ 2g

0pen 2oop OiratlytZ 25obmsaw PtiO11

AA

-91

Fig 41 I -alzd Gesno-VI Ciroatil

-%su~R 9 and 1%. vue adjuste-d to give a total uain f w

at the s~imtittnias It was fourd that i-s cainu cud be nain-tain~l

up to 43 WM witmvut the need off o-Lrzui'. &*ýcd t~ions F- and R are I

263. oIme resi-stcrs used. Ifor VC rnfltng. i

Alpowe sap~e esI-mtAO. to grmui by thesM~aae p~atMWt of-
.02 ii? esrsmln -and 16 nf tan-tslu-m catnitnrs. Im

V4I
. .......
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It mas assumed that. the antenna was inde-ed capazitivye in nature,

and hence- a f eed-back- network., Z,. composed of a parailllel1 placed variable

a-apacitor, 410-400 11?, and a reaieance $4i Kt were used to simulate the

conjugate of the antenna impedaae&, The resiatance was iasterbted to pro-

-vid a means of fine tuning the reflected. negative impe-dance. Thes finala

form of the networ&k, with Z, iplace, eute to the 1aale anItenna

m atching network of Firure 3%3b
For yrposes off testing,. a M 1A4 was used in the test setutp of

Figure 40. A frequency was selected where a sigmaal wis present,, and then f

the reapective signal strength ffrom each antenna -System, was recorde&.

The results are presented. in Figur 421 where gain ysz freqixvsncy off the

active conjugate natched. antenna rxelalive to that of 'the imtuna& 12 foot

whip in shown., Though this figure serves to show the morit of the con-

cept, the results weree actually severely degra-dedd fr= three basic reasons.

i1'nxt, since thve operat-2.onl' ea=nlfi--er were restricted to an

output swing of %t 10 vol~ts, care had. to be; exer-cised if circuit damssg

was tobe avoidead. lBecause off thin jr ien-ce of a neighb-oring, MI kilo-W.t

tra -Eniter site (IMUT,* 124 KM)~, aprxitlytr e le distant,. and.

the fact that the anltenna- syst+em- respouns to all incidentz signals., the

circuit feedba-ck network had to be Itimed so t,,hat- the operationall aarli~fler

output restrictions were -et. it wan noted that if the -feecdhack as4

-- itsnce vaa i-ncrea-sed ovrer 21 -W5 the outpout signusa--ý- t M wKU rapil

reacteda point in emeasof thej+iOVolts.oCtput 'w -1itatici. it is

worthy of note- that this fact. was leaned a h re~ fcnoeain

&I amplifer tbat could not surtain a near reeasnce uttIt swlzg of :t33

volts,* as m-3zitor-d. on- a Tektr-onix 422 -4'mc-Uloscoppe. :
355.
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Secondly, even if the outpat signal level was maintained under

the + t0 limit, it was evident that the r anL IF sections of the receiver

test sets used would be Incapable of handling such hIgh signal levelsI; without being completely satuxated. For the PM4-IA employed during test-

ing,. the maxizm= SInpt level that did not cause saturation was aplroxi-M

mately .6 volts at the in-at terminals. &ence, the maxLm input signal A

at any frequency incident and responding tbhough the active antenna net-

F work had tobe limited to .6 volts. 2

E estly, the amount of "detuning" pedasaable, achieved by variance 9ii: of either the capacitor or resistor within the pedback netvrk, was S

• limite to values that reulted in sablhe system ofertio-n-,

As a means of determing the relative perforzarne oZ the active

system, the test setup was removed to a signal isolated e-viron-m •-t, and

exposed to indiviul radiated constant level signals. Such test sig'-

nals were obtained by using a signal generator with Its output terminated

at the center of a four inch by four inch aluminum plate. The active an- -

teram system was placed a-proximately two feet frnom this source and the

si•al strength received was measured wth either F.o PiI-1A or the NLOA,

•~M rh esults are shown in -i1",13, Uhere gain o-ver the untuned minlatur •

Santena Is plotted vs f-reuecy. it wass obser-vM t•hat as the values of M

elment use In the feebc neznz w--e warred, the cuv tede to

ab2-1-It to the z4S' or left,, but a!ra f• el ff to unity gainabove the.

variols feedback netwcak values are plotted in FIgure 44. The unity gain

- alue- of 43 b eom- favorab with results "asee- on c ieratim;

ofth a-rtciatd iy-gi bnw~h =ou& = heoprt~na, m
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2. Idealized Generator YRIC Modal With Antenna Inserted Ln The
Feedback Netwoerkr

The configuration of Figure 41. was retained, bat for this part

the feedback loop was modified to that shown in Fige 45, thus leading

to the equivalent of the two antenna systems shown in Figure 36b.

S ground plane

•-i • K

$ VIEW Kodel of

Figrie41fI r_•_ • ~/77 ••

Fig. 45. Modified Feedback Arra-ement Used to Approximate
the Configuration of Figre 36-b

With the feedback loop inserted, the active antenna system was

-tested following the same procedure employed in testing the discrete el-

neant feedback moAel. The previously noted restrictions concerning out- A

pit voltage swings and stabiity considerations likewise applied to this
circuit form. -The results obtained are given in FAare 46, w.hee one

again gain vs frequency of the active conjugate matched antenna relative

to that of thbe imtuned 12 foot whip in flotted. Wifth one exceptIon, Fig-

ni 4 is tbe duplicat-e of rigxte 42, but shifted up approxlnitely94t

This was attri-buted to a closer resonant mftching, achieved. Withoutt vio-

lating the stability restrictSons for operatin.

An with the first nodal1, a controlled. signal enrironzent. test Was

rim, the resui-mt of which were for all parpoases, identical tothose shown

in Figudres 43 and 44g.
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3, Analvsis

The concern of this section is directed at considering the

f-equency response of the circuit utilized. The limitations previously

discussed with respect to resonance 'detuning' duo to output signal level

. restrictions and receiver Input characteristicss are linitations apart

I f'rom the conceptual problem of interest,

For the moment, assume that the above idealize( generator model

Shas an output impedance equal t-- zero, and a fixed, frequency Independ-ent,

F voltage gain equal to two. For -frequencies less than 43 z, these ap-

proxrmations are empirically correct.

The resultant network is then modeled as shown in Figue 417

where Zl represents the ihput impedance of the netwo.r, and Zj, the- in-

sorted imp -ee of the feedback loop.

A;

Fig- 47. Td edonza Nodel of VKC Generator-

t ~The inpet impedanc for the overall circuit is equal to

In circuit Z

From the circit for of Fi e 4, and the characteristics of the opea-

tion ampalfiers used, Z t equates to i4

3I + (32)

whet t-R1  Sf RP2 , as a'=ir in Fivure 41, aud A, amd Z n um

'E ~ speciflied in Table 4. Substitutijng equation 31 into equat~on 32, yields

62-



S Z4(1+A4) 03)__ I
in circuit 1j f-

£In equation 33, 2yf< «zfi + IL)and ZZ-rz << a.,( A o rem..en-¾

ales less tha-n 20 M~,Thus equation 313 redluces to:

__- ire ri- (34#)In eiut -LI
If Zt the Imp~edance of the feedback network, was composed solely

5 ~of a capacitance, tbon Z~ ici woul-d equate to

V ~ ~ ~ ~ i circuit 3itX,m 1

14 and a severe low frequency -re-strtction mould arise.

ITo allesviate this itrdblem., let 2ýbe a jaraflel capacitor$ resit- -A

or netvork as employedd in the actual zodeh. Under these conditionss, L.

I ~ and 5 n circuit

-, Ir c Ircuiat RS R + 1 1  R I
_ _ S +I

-fo i. a SI

The result As twofold. First, a degree of conrocl7 , Ttzitin the

limitatios of th tabilty wonelstrictzn 3z obtaisad ua1'g th s-e nta~e 1

res~ts~ as ! I23 aneance a&Jatt C eIet Secondy, thie rXdiw

a -



Fu msti-tzion, Z > , p -viously mentioned, is traded off for

a mre ea~abe hghfreonencey limitation,, wOC »> - L This isees-- -H Z

pecially advantageous, considerixng the low valve of U employed, typicaly

less than 15 pg.

The effect of a finite output impedance is equally detrimental,

but to a men lesser degree, This is primarlly because the output -f the -
laat-stage ise approximately

cu circuit Lut ZA rrP 1 r+f7 f]
and upon, substitution of the actual circuit p er values, Z0u circut

reduces to less than 2 chin up to 2.5 M.~, approxiamately a short circuitr for analytical prpozns, Hance, the Input, output characteristics of the 4

overafll nstueor-c are satisfied.

B. D1 fNMM NO SAL YAM XD

* Based on the derived theory for construction of nouildeal ICC networks ..

an M.'O model was constructed. The finlz anterna system, the result of

seve=l computer and actual testing Iterations, was teated i- thesn

manner as the idealized generator VaIC nandei.

1. DesjjgwjProcedftre

The basic transistor configrtation selected for modeling is shown

without bas~ng elements in Figure 48V

Fig- 48,. Transistor Axrrangewit Used in Nobdefling
the Yoaideal NICC

•fig: •II -

.•--•_a



The active device selected for use was a. IM 6002, npn-up, single twit

pair. In the crcuit fori of Fig= 48, the H lparameters are h11> O,
b ?> 0, and Ah < 0, whxch satisfies the requirements imposed by Table I.

In actuality, the form of Fig=e 48 is quite ald, due initially to

Yanalsana Leer. 20] 'and has been modeled in transistor form by several

authors [>1sT. 22 and e~I

if one considers the idta.1•ed version of the above circultt aw

4show in Figure 49, it is evident that

an

_ _ _ _ _ _ _-__i

1: B + R-2

V,¢ V2

ng. 49.idealized -version of Trmansistor f orm mployei

flaw, for a. large currant generator factor M.

wbetwth P3 los3vapprwdnates ýzand the H ztrix redua-es

2 3ýto that of' an ideal 11tO.

Iprcie.each t&aitrms a olco ag eit

zt ~ ance, however, Ifthese are identical me the 1110 conversion factor Is

-I, than the collector resistances cancel one another. The addition ofa

65



these biasing elements result in the circuait form shown in Figure .7,

Ba3a

!-.- 50. Biasedi 1qIC uvungdgranion

WAnd the smfl-signal equilvallaht circuit given by Figure51

r R,
¾±~~~rSas ' • . emtrresistanc

f I O

-x CE TU I -

PIZ. 51~ Sma"rSigaJ Eluivaleut, o. Figure 5

In order to insure that t~he collactor resiasteaes do cancel

uand that a trensmissicia ratio of -A Is cobtained, It -,*as necessar-y -to solve
for the values of the v-%r_,us resistances cntn f acotr.Tis

192 n=st easiy done by uning the t.ra~4tiN raneters4 wh~or

~V, -AV,2--

T BY requiremUst,

'Oi

'LO I

_ _V T,- - _ - - - -- -- - - _ _ _ _ _ _ _



from which the follw-ing gare obtainedj

(zM R4 a5  (34)iitsn-ji + t a r (35)

Using O, and -D- -I
I?,~ -L= z -2---O

yielded the last riati o ,,. (2 a -lI r +r•ia). •06)

V: -If it is assumed that a is real, azd equal to , thean equations A

_-Z < ,;

S• rxP-UtiomsU-!z, it doe not allow for the tra~s AO operation slate tran-

S~~statore Caaciltanft ve • tSm S•. it Ser•ves a a St s t•-zin p

[I f o the requ ire d i terative t o;es s necessary t a chi eve th I ds- ign

S" gum 3 ru. n • usingr M.a !.- =de to +,heta•Jm• the ,- 7 vs X

CI

is

Thug te ~r ioccirereuls n onenen c-git77er
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/~ 7 . >

I<
~, /77NOirA. ____

An ebrat ofUwei-eslsotie Is ie - il i

TAM44
I bIb~

A Al
?21- 53.Z tirui Form- ofn Usin an tAP

ug A.An extra&t o±f the nsurlts nbairedi given in Table fixe.

TADIR 5

f hjA bi z
1.016 o" .972

1Mz 45.9 z 147.? i~ouu& -. r -W9 c 25130-
For he rossprouct f h9i.~. t equl 1 It as ext ecesar

to47.6ete aaetrh Zb1.2 1,0 fy29 -1.3 V1.00 Of 94--1651 ?e &i tez

tireooaztat.on proess thevale o 114- 260 (~n,2300 wa ob
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Having satisfied the huh cross product requirement, it,

remained to eliminate the paras5&,ic~s hfand h.For the values of 3Ui h4
A hs<ret i opnoated.n sohr ws fvundrs to set euiv ablent t thate Tsthex ie

?igue%-opnaaa cesw vn o h qiaettta hyni

Ai

i12

r~g,54.0 o. p w Ii:onidieal Ma1 of FIgn,

R

The resultant frejunoy vs Ri parmaatr plots based ontheot

&At Of thn E2C MUMS aný snownM- -1 .~e5.5 throug 58,1A
F ISeveral facto=s were evident tron the aberre data. Filut s~ t

too large at Whier frequencies (f > 100k). This was co-rrected by mcdiy-I

USRto 45 azd 'a, toC sin. Liecono4, One ocal mcst niv-ortant facto=s
fdlatng high frequeenoy warosnc Use th esence t,. lthe collecrtor-
base £ta iU~itanflt o the t-wo transistors, ez cted,*a ih an

acwl contain --1trsoftefa
t U

1+ 3.1 (40')

L.

qu= ofma~ioD l~e-esit isapijaren ht h±ij app1roTa ch a

neiptiv's real ual~abr. This was pztially ovexcoms by pilacing a cpc~--

691
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q uency vs parwdier chcerist-i~ Mhe results ar vmmrie in

h. hh-rl2I

-5~

-00 m 1, Z, 100 7 -50 111 4 1

V I -b27L9 O4 Z.-O51- 61-56

I I

,,b, 1.7° 1.064 7[103 i•,WMGI /--13,."5 0-:-

The•o .c.ly • re.ann dearur fom h ~a case• left now.is-th I
A_-• .fioz , n ~ •?L i ° ,' ° ,,o$..•

no-eovau fl~swihfomcniertoio tbetrecnb

copeste b hutnga aactnce C.aro th npt Teabv



t The circuit wpa next tested using the UP 8M05A Vector Voltmeter

configuration of g 39, ing a 40K load the resullts are summarized

iin table Ojh4
[~

TAMI 8 7

r~eueueoY Zintoad

10 M -927+ j*0032

100Mz -. 961 + j:006p

20M&z -,9432+ j.004.6
it

The abovme results were considered to be close enough to the anti-

cipated values that no further circuit modifications ster attempted. The

Sfinal circuit f us -ed in -tching t the antenna load. is shown in Fig-

.042K -3:
14- Tr TiaMD6002" -

144
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Me addition of the 50K resistance connecting the bases of the

two transist-1s was foumd to be necessary if reliable transistor turn-or

of both activi devices were to be achleved.

2. AntztaFu& zble Form

The circuit of Figure 59 vas loaded with an antenna at aoh ports,

yielding tho antenn structure of Figure 36b. Once again, a PRM-1A Radio

Test Set and a 12 foot TRIOR "hip were used. to determine a figure of

merit. The results of these tests ae showm in Figure 60. The loss of

g ain above -. m was attributed to the inability to exactly control the

phase shift across the device, this in turn due to the complkex nature of

Sb• or equivalently, c.

lastly, the previously mentioned commnats concerning least broad-

casting stations, peak signal into the circ it, and peak inpul into the

test set, applied. Thw ma2dmum signal that the circuit could handle was
__ fond m to be approxiately ±t 2 volts, bat since the PBM-iA was rtricted

to anInpit of + .6 vots, it was of littlemrtance.

0. NcVAL11 ArnlrMRJ MD

Te last circuit rorAl constructed. was based on the nodal admittanee,

Synthesis procedure presented in cha-pter tWo, _

Using tll circuit form off Ftigure 29., resistance values wera so-

Slectd -to eatasfy equations 19 a 4 M. 4he fina o 4zdt for•_ is NO

-3---poiter +_-

"4R••- 2ft ohrs for DO =11.g, AU1 -x•e imm2. ah.ýra to V v+N

with tho parallel combination of .02 UP ceramic ad '10 uF t•,antlu

76
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vhere it w assuied that the open-loop gain, A-e of each op1erationalF ~amitlt.ier was identical and. that associated inpit oapaottancee waee4

Snegigible. Hence, flor large values of A01 , the matrix • equation 42 A

was satisfeea .

" 2, AntennaRealizable Form

The circ uit oe Figure 61 was loaded at sach por. wt o~as

miniatuxre eatennass, yielding once again the -anL-el contjgate antenma

matching scheme off. Figttre 36b. Using the -testing proacedmre pxreviouasly

discussed, the gain vs frequency charac~teristics relative to the untAuned.

12 foot TRlCORw hip were obtained, This data is :plotted. in Figure 6S
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v. cowca'siots

As has been pointed out, there are two aspects to the theory of

conjagate antenna matching, the most critical of course being the actual

ac-hi-vement of the desires. parameters for the active cIrcuLt utilized.

When considering either the nonideal INI or nodal admittance synthesized

-ircuit realizations, it is evident that the devices are useful for only

as long as the desired. FRI iatrix pzramters are obtained, In both of 4
the above, the resulting phase shift ac•r' the device leads to the ulti-

"mate deterioration of the converter actio ±bov3 20 Mhz. As expected.,

the phas shift increasesz rapMdly with frequency, and fo the configura-

tion of Figure 51, can be approximat• b tan . . This was ob-
served experimentally under load conditions satisfying 100 ohm < <

It is generally acclepti that NIO action can be achieved below 10 0 MKH

vitbout extensive compensation of the active network. Yet, above 100 My,

as pointel ot by equations 40 nd 41, the conversion ratio K of the RIC

Pi-l be a camplex function of frequency. The effect of such nonideal con-

ve*rtr aciUon is drastic with zespect to frequency limitati5on. Consider

the tra•n"sWison ratio K defined b;-

2M

tier. a(tr) is a 3 1 negativie numt. If, as with the s=3l3 top l-e~sd

antenna, & reacrtive load is insertedt

Zi a-bYL + JL

in LM

8I-



then the resultant impea&ce prte*sted will leud to the presence of an

unwanted, frequency dependent, real component, If it is assuzed that

-some amount of impedance, Z0 , is added to compensate for the undesired.

19K real component; then

Z ~ za+ab-)(7.+JYL

z (aZc bY + J(aL+b M,)

If the real component is to equal zero, then (aZ -bY1) must equal zero,

But, for this to be ttue over large frequency ranges, bothI a(w) and b61)

must change signs simultaneously, In general, due to the capacitance

effect of the active devices, b(w) cannot becontrolled to the extent nec-

essary if stability is to be maintained. This bas been confirmed experit-

nen'&lly in numerous UIC circuit models, The final result, then, is two

fold. First, a restriction of the useful high freque-ncy range to h re- A
gion in which the sign of a(w) and b(w) are identical and secondly, a de-

Sterioration of the converter action from the ideal case of hh 2 = .

This last effect is more obviovs if one considers the sensitivity

Svalues for the circuit of Figure 52. For this example,

Z i niRb + bil

ariin

- -/Z
"8 In In _ 3-
bii Z'I

ZdZm~ AM

i dn Im i

82
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It is evIdent from tese relationa that a variation in the ga;n

Lproduct K hjih will have the greatest effect on IG p-erformance, es-

17pecially if,, as shosin above,, hjh is a complex function. In addition,,I

it w observed that hN, and h 2 1, the parasitic impedances, became In- 9

portent if either the l-oa impdance was made very small or very large,

it would be expected that if the matrx modeled realizations ware con-

st-ructed on a stripline format,, that high-er- frequencies of operation could

Dbe obtained. For the time being, thaagh, the main restriction would seem

to be the relatively low beta-cutoff frequencies of the present day tran-

stastor, That is required, in the most basic sense, is active devices

Sx.th f Is > ?-MHz, and. extremely laivge PIS.
"F f sith meodedlo the iealized generatcr moel stujiekd, it w•ould appear

that the restric-ions 4 rposed by the above considerations would agai be

detrimntal, Though this iz trae, it ' to a much lewser degree, since

Sthe sensitivities involved are of a more favorable nature. In fact, the

priIncIpal degrading effect observed was due to the load iaedance size i

vice the presence off trajnsmissIon pbase shift.

it is to be noted that of the conjugate antenna.systima constructed,

all were of a jarallel form ap-roxmting Figare 36b. Though several

series placement arrangeznts were constructed, nwe wers found to work
as sell as tthe paxallel confiruration presented in this repqot. Mis was

•rinrfly due to the inability -to develop a M circuit -with the pzroper

ante••a-circult-Igrcund isclation rejatted for proper cunverber action.

As a result, severs frequency range restrictions arose due tn stab• ity

restrictions.

Althoughi none of tho reviewed csnaw~antenna arran~sements were tested

exhwestively for stability acd d-rit under variable I*erational conditions

83_



and envirenment, it is appareLty that the concept of conjugate antenna I
matching is feasible. It is to emphazized that the matching accom-

olishied in this report was done by tuning the active device once, andA

then testing for the gain vs trequency response, vice continual tuning.

Hence, the shown frequency range of 100K to approximately 1-040 Yd- sttill

is impressive. However, though this is far short of a true broadband I
antenna system, it is evident that in the frequency range less than 50

Mz, the concept has considerable merit..I

It isw orthy of note, that it is possible to compensate the NI1- j
antenna system for the frequency dependence of a at frequencies greater

than 30 Fhz If the active device f. is high enough. This, of course,K-i I
at thr expense of sacrificing the usable frequency range. This approach

was tested using the nonideal, discrete element circuit of Figure 57, and

fourd to work satisfactorily at specific frequencies for which compensa.-

,tIon was inserted, 1 -A

The =del wms found to orerate in the desired tanner at 20 lIM, 40

Mz and at a reduced levels due to atmospheric noise, of 50 Mr.. A use-

ful bandlidth of aproximately 2-3 12z was obtalned with each of the cot-

pensation schemes used, this smal amount-of bandwidth due almost entirely

to the rapid rate of phase shift across the device at those higher lre-m_ L U

quencis of opention.

it is azticipated that as sulmtautial improvement in transister high AM

frequency thecnoloý ocuars, that many of the ab-ve restrictions will be -

aw i catly reduced.

Th"a, the final conclusion is that the concept is p=actical and -caale 4

of being implemented up to the lower IMt-z'ane in a broabaz-rd z , andA

that there exists now a ai-gnficant rams of reducing antenma size while

realizing greater get= in the loM=~ r nijency regions.2
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